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Industrialization increases use of dyes due to its high demand in paper, cosmetic, 22 
textile, leather and food industries. This in turn would increase wastewater generation from 23 
dye industrial activities. Various dyes and its structural compounds present in dye industrial 24 
wastewater have harmful effects on plants, animals and humans. Synthetic dyes are more 25 
resistant than natural dyes to physical and chemical methods for remediation which makes 26 
them more difficult to get decolorize. Microbial degradation has been researched and 27 
reviewed largely for quicker dye degradation. Genetically engineered microorganisms 28 
(GEMs) play important role in achieving complete dye degradation. This paper provides 29 
scientific and technical information about dyes & dye intermediates and biodegradation of 30 
azo dye. It also compiles information about factors affecting dye(s) biodegradation, role of 31 
genetically modified organisms (GMOs) in process of dye(s) degradation and perspectives 32 
in this field of research.  33 











1. Introduction 44 
Dyes are an important source in various industries such as textile, leather, paint, 45 
food, cosmetic and paper industries. There are approximately twenty-five types of dye 46 
groups available based on their chemical structure of chromophore (Sudha et al., 2014; 47 
Benkhaya et al., 2020). More than thousand dyes have been classified as textile dyes which 48 
are used to color variety of fabrics (Sponza, 2006; Abe et al., 2019). Dye intermediates are 49 
precursors of dyes. They can be obtained from raw constituents, such as naphthalene and 50 
benzene, with an aid of various chemical reactions (Gregory, 2009; Guo et al., 2018). 51 
 52 
Disposal of municipal- and other industrial- effluents into water bodies cause water 53 
pollution (Kunz et al., 2002; Varjani and Upasani, 2017b). Environment is adversely 54 
affected by pollution which may cause indirect or direct health risks to all life forms on the 55 
earth (Varjani, 2017; Bencheqroun et al., 2019). Dyes can be classified on the base of their 56 
structure and application. Dyes have a great solubilizing capability in water, which makes it 57 
difficult to be removed by traditional methods (Dong et al., 2019; Lellis et al., 2019). 58 
Textile dye contains colors, which causes artistic damage as well as stops diffusion of light 59 
in the water which leads to decrease in dissolved oxygen level and affects photosynthesis 60 
rate of aquatic life (Ajaz et al., 2020). 61 
 62 
Various methods can be used to remove dyes and other pollutants from industrial 63 
effluent such as physico-chemical, biological, chemical and physical (Xu et al., 2007; Cao 64 
et al., 2019; Varjani and Upasani, 2019b). Biological treatment has various advantages such 65 
as, it is a simple, cheap, environmental friendly process. Also large number of 66 
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microorganisms are available which are easy to maintain and also require low preparation 67 
(Crini et al., 2019). Apart from these dye degradation techniques periphyton biofilm or 68 
periphytic biofilm system can be also used for degradation of dyes (Li and Bishop 2004; 69 
Shabbir et al., 2017a; Shabbir et al., 2017b; Pandey and Bergey, 2018; Dias et al., 2019; 70 
Shabbir et al., 2020). Among various activities of dye industries, dye manufacturing is the 71 
main source of environmental pollution due to release of hazardous dye in water bodies. 72 
Numerous microorganisms such as algae, yeast, bacteria, and fungi possess ability to 73 
mineralize and/or decolorize various dyes (Roy et al., 2018; Tochhawng et al., 2019). 74 
Treatment of dye wastewater can be performed using pure culture or mixed microbial 75 
culture. Majorly mixed microbial culture has been reported to achieve efficient dye 76 
degradation due to synergistic metabolic actions (Kalyani et al., 2009; Mandal et al., 2010).  77 
 78 
Genetic engineering has made a significant revolution in the field of bioremediation 79 
(Varjani et al., 2017; Kumar et al., 2020). Removal of acid red has been reported through 80 
the successful manipulation of microorganism using genetically engineering in treatment 81 
system (Jin et al., 2008). Factors like pH, temperature, structure of dye, soluble salts, heavy 82 
metals, nutrients, etc., affect the degradation of dye (Al-Amrani et al., 2014). There are 83 
various reports available which shows degradation of different dyes using microorganisms 84 
(Mane et al., 2008; Varjani and Upasani, 2016; Kiayi et al., 2019; Li et al., 2019; Pratiwi et 85 
al., 2019).  86 
 87 
Present review intends to expand biodegradation scope of dyes. It includes types of 88 
dyes, dye intermediates and impact of dyes. It also narrates types of dye degradation 89 
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techniques and through light on factors affecting biodegradation of dyes. Direct Black 38 is 90 
majorly used azo dye, hence microbial degradation pathway for Direct Black 38 has been 91 
discussed. It also provides an overview about role of genetically modified organisms 92 
(GMOs) in dye(s) biodegradation. 93 
 94 
2. Types of dyes 95 
 96 
There are more than three thousand azo dyes among which Sandolan Yellow, 97 
Maxilon Blue GRL and Astrazon Red GTLN are broadly applied in leather, textile, paper, 98 
food coloring and cosmetic manufacture industries (Sudha et al., 2014). From centuries 99 
fabric dyes have been used to color fabrics. More than thousand dyes are classified as 100 
textile dyes which are used to color variety of different fabrics. Nowadays most of clothes 101 
are colored with manmade or synthetic dyes. Dyes contains at least one chromophore and 102 
can absorb light in visible spectrum (400-700 nm).  103 
 104 
Classification of dyes are carried out on the basis of their structure and application. 105 
Azo dye, nitro dye, phthalein dye, Triphenyl methane dye, indigoid dye and anthraquinone 106 
dye are classified on the basis of their structure. Whereas, acid dye, basic dye, direct dye, 107 
ingrain dye, disperse dye, moderate dye, vat dye and reactive dyes are classified on the base 108 




2.1. Azo dyes – Azo dyes contain azo bond (-N=N-) and belong to class of heterocyclic 112 
and aromatic compounds they also contain carcinogenic properties (Sen et al., 2016; 113 
Yamjala et al., 2016). Maximum azo dyes are synthesized by diazotization of an aromatic 114 
primary amine and followed by coupling with one or more electron rich nucleophiles 115 
(hydroxy and amino). Several other methods are also available for synthesis of azo dyes 116 
such as oxidation of primary amines by lead tetra-acetate or permanganate potassium, 117 
reduction of nitroso compounds by AlLiH4, condonation of quinone and hydrazine, etc. 118 
(Benkhaya et al., 2020). These dyes are recorded for industrial applications and only azo 119 
dye contains 60% ratio as compared to all other types of dyes (Shah, 2014; Iark et al., 120 
2019). Azo dyes make up group of food and drug administration (FDA) certified colorants 121 
which make them safe for use in foods, cosmetics and drugs (Chung, 2016). Examples of 122 
azo dyes are Acid orange 5, Acid red 88, Methyl orange, Congo red and Direct Black 38.  123 
 124 
2.2. Anthraquinone dyes – Second most widely used dyes after azo dyes are 125 
anthraquinone dyes due to their good dyeing performance, easy accessibility and low price 126 
but it is highly toxic to humans and microorganisms than azo dyes. Anthraquinone dyes 127 
contain anthraquinone chromophore groups which includes benzene ring with two carbonyl 128 
group on both sides. They contain both stable as well as complex structure. Color of the dye 129 
may be influenced by different effects of substituents such as electron accepting and 130 
electron donating substituents. Common natural red colorants comprise presence of 131 
anthraquinones which are highly used in textile industries (Shahid et al., 2019). 132 
Anthraquinone dye has been reported as the oldest dyes because they have been found 133 
thousands years back and were used in wrapping mummies (Gurses et al., 2016). Naturally 134 
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occurring anthraquinone establish the major group of natural quinoids. Several scale insects 135 
and plant roots are responsible for production of natural anthraquinones. Plants such as chai 136 
root, madder and Indian mulberry (from Rubiaceae family) and scale insects like lac, 137 
kermes and cochineal produce beautiful color palettes of red hues on different types of 138 
fibre. Color of palette is dependent on the metallic salt used for the mordant with limited 139 
color range of purple, brown and orange. Anthraquenone dyes have been divided into four 140 
categories: i) Heterocyclic Anthraquinone dyes, ii) Heterocyclic anthrone dyes, iii) 141 
Anthraquinone derivations, vi) Fused ring anthrone dyes (Li et al., 2019). Examples of 142 
Anthraquinone dyes are C.I. Reactive Blue 19, Alizarin and C.I. Acid Blue 45.  143 
 144 
3. Intermediates of dyes 145 
 146 
Conversion of commercial dyes with simple transformation from compounds 147 
prepared from the coal tar elements with the use of different chemical reactions are known 148 
as intermediates. Sabnis (2017), have reported dye intermediates as the raw materials used 149 
in the synthesis of organic dyes/manufacturing dye stuff. They are nearly colorless and vary 150 
in the complexity. Three types of reactions used for the production of intermediates of 151 
dyes: a) Electrophilic substitution, b) Nucleophilic substitution and c) Unit processes 152 
(Sabnis, 2017; Yu et al., 2019) 153 
 154 
3.1.  Electrophilic substitution  155 
 156 
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This reaction is used to give tetrahedral carbon atom as an intermediate, in this the 157 
initial attack of an electrophile E+ is involved by aromatic system. However, for final 158 
product, loss of Y+ (usually proton) from intermediate is necessary. Mono-substitution 159 
products can be achieved by attack at an unsubstituted benzene ring. In this reaction three 160 
possible sites are available for attack (Ortho, Para and Meta position), when benzene ring 161 
contained a group during electrophilic attack (Gregory, 2009). 162 
 163 
3.2.  Nucleophilic substitution 164 
 165 
  Nucleophilic reagent has an individual electron pair. They are either a neutral 166 
particle or a charged particle e.g. ammonia. This reaction includes group replacement 167 
which is activated by other substitutions within aromatic nucleus (Sabnis, 2017). 168 
 169 
3.3 Unit processes 170 
 171 
Unit process can be defined as production stage which requires chemical reactions. 172 
Dyes and dye intermediates are produced using a reactor followed by filtration. Then they 173 
are dried and mixed with other additives for final product manufacturing. The synthesis 174 
involves many unit processes like reduction, oxidation, nitration, sulfonation, 175 
hydroxylation, amination, alkylation, halogenation, hydrolysis, condensation, alkoxylation, 176 
esterification, carboxylation, acylation, phosgenation, diazotization and coupling. In this 177 
section we have discussed few unit processes (Gregory, 2009; Freeman et al., 2007; Sabnis, 178 
2016).  179 
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 180 
3.3.1 Oxidation - Oxidation is the process which involves introduction of oxygen or 181 
removal of hydrogen from a molecule, mostly arises at an early stage of synthesis. Highly 182 
substituted particles are less responsive to oxidation (Gregory, 2009; Huang et al., 2019). 183 
Conversion of phthalic anhydride from naphthalene can be done by oxidation reaction with 184 
the use of hot V2O5 or KMnO4. e.g. Hypochlorite oxidation is the production of anthranilic 185 
acid by Hofmann process (Gregory, 2009; Freeman et al., 2007). 186 
 187 
3.3.2 Reduction - In reduction process conversion of compounds into an arylene diamine or 188 
arylamine from an aromatic dinitro or nitro takes place. Reduction processes such as 189 
sulphide reduction, catalytic hydrogenation and iron reduction are widely used in industrial 190 
production of dyes. eg. In preparation of indoles and pyrazolones, arylhydrazines have been 191 
used as intermediates (Gregory, 2009). 192 
 193 
3.3.3 Nitration - Nitration is the process which introduce one or more nitro groups (serve as 194 
chromophores) into aromatic ring system and they are meta-directing groups. Nitration 195 
reaction involves chemical agents sus as Nitric acid (HNO3). Nitration is frequently 196 
directed by using mixed acid or nitrating mixture which is a combination of sulphuric acid 197 
(H2SO4) and nitric acid (HNO3) (Freeman et al., 2007). 198 
 199 
4. Impact of dyes and dye intermediates 200 
 201 
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Approximately from all color additives 50% azo dyes are extensively used as 202 
coloring substances in cosmetic, drug and food industries. This increases concern related to 203 
health and safety. Global usage of azo dye as food additive is being regulated (Jiang et al., 204 
2020). Azo dye toxicity is based on benzidine and its counterpart like dimethoxy- and 205 
dimethyl- benzidine. It may show mutagenic effect on monkeys, humans, dogs, and rodents 206 
which lead to disease like cancer (Suryavathi et al., 2005; Bencheqroun et al., 2019). 207 
Several dyes are reported to have adverse effect on ecosystem as described in table 1. Dye 208 
industrial activity negatively affects human health and environmental condition through 209 
large amount of waste discharged into open water sources (Chung, 2016; Bencheqroun et 210 
al., 2019). Use of azo dye shows undesirable effect in soil microbial populations and affects 211 
plant growth and germination (Lellis et al., 2019). De Jong et al. (2016), have used Hydra 212 
attenuata as a model to study ecotoxicological impact of mix pollutants in marine 213 
environment. They have reported that presence of Disperse Red 1 into fresh water affects 214 
biological functions, morphology, neurotransmitter distribution and feeding behavior of 215 
Hydra attenuata. Hydra attenuata contain antioxidant defense mechanism but at high 216 
concentration of dye morphological healthy appearance of this organism was affected, as 217 
result asexual reproduction was reduced and feeding behavior was also inhibited (De Jong 218 
et al., 2016). 219 
 220 
5. Degradation of dyes 221 
 222 
Complexity of dye structure (crystal ponceau 6R (502.4 g/mol molecular weight), 223 
reactive green 19 (1418.94 g/mol molecular weight), remazol red (560.5 g/mol molecular 224 
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weight), Direct Blue 71 (1029.87 g/mol molecular weight)) make its degradation difficult 225 
(Ajaz et al., 2020). Removal of dye industry effluent without proper treatment is harmful 226 
for environment and human health (Oon et al., 2020). Several methods are available to treat 227 
dye effluent(s). Physical, chemical and biological treatment ((either individually or in 228 
combination) have been reported to be widely used for degradation of dyes (Lua et al., 229 
2019; Lan et al., 2019). 230 
 231 
5.1.  Physico-chemical degradation: 232 
 233 
Physico-Chemical degradation is a combination of chemical and physical 234 
techniques (Kumar et al., 2020). Physico-chemical treatment is the process in which 235 
physical changes are constantly present, while chemical changes in the process at different 236 
phases may or may not take place (Karimifard and Alavi Moghaddam, 2018). In this 237 
process chemicals such as Lime, Ferric chloride (FeCl3), Ferrous sulphate (FeSO4.7H2O) 238 
and Alum ((Al2SO4)3.18H2O) are widely used to alter physical state of dye molecules 239 
(Ayed et al., 2020). Treatments such as flocculation, wet oxidation, membrane separations, 240 
adsorption and precipitation are examples of physico-chemical treatment (Wang et al., 241 
2020; Kumar et al., 2020). The disadvantages of this methods are high chemical 242 
requirement, high maintenance, costly and large amount of sludge is generated which 243 
requires safe dumping (Ajaz et al., 2020). 244 
 245 
5.2. Biological degradation 246 
 247 
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Biological degradation of pollutants is eco-friendly, shows complete mineralization 248 
of organic compounds with low sludge generation. This method has been reported as most 249 
effective method (Varjani et al., 2015; Bhatia et al., 2017; Varjani et al., 2019; Kumar et al., 250 
2020). Biological degradation can be conducted under aerobic or anaerobic conditions 251 
(Khan et al., 2012; Bhatia et al., 2017). Various microorganisms such as bacteria, fungi, 252 
yeast and algae were used for dye degradation and decolorization (Ali, 2010; Ajaz et al., 253 
2020). Difference in growth conditions and different metabolic mechanism of 254 
microorganisms affects degradation of dyes (Gao et al., 2018). Shabbir et al., (2017a) and 255 
Shabbir et al., (2017b), reported degradation of dyes with use of locally available 256 
biomaterial (periphyton). Reports have demonstrated importance of enzyme in degradation 257 
of dyes such as, azoreductase, laccase, peroxidase and exo-enzymes. E. gallinarum and 258 
Streptomyces S27 has been reported for degradation of azo dyes with use of azoreductase 259 
enzyme (Bafana et al., 2009; Dong et al., 2019). Laccase have great degradation potential 260 
for many aromatic compounds (Bhatia et al., 2017). Shanmugam et al. (2017), have 261 
reported maximum biodegradation of Malachite Green by Trichoderma asperellum laccase 262 
activity which converted benzaldehyde from Malachite Green via the Michler's ketone 263 
pathway. Immobilization of laccase on Glutaraldehyde-crosslinked Chitosan Beads (GA-264 
CBs) has been reported by Nguyen et al. (2016), provided reusability and high catalytic 265 
ability which helped in degradation of sulfur dyes when concentration of laccase was low. 266 
Enzymatic degradation of crystal ponceau 6R (CP6R) with the help of Brassica rapa 267 
peroxidase has been studied which shows catalytic activity of peroxidase during dye 268 
degradation (Almaguer et al., 2018).  269 
 270 
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5.2.1. Microbial degradation - For degradation of various dyes different microbes can be 271 
used, they have different mechanisms and pathways for degradation of dyes (Cao et al., 272 
2019; Ebrahimi et al., 2019).  273 
Azo dyes are useful class of dyes with highest diversity of colors. Under anaerobic 274 
condition and with help of azoreductase, microorganisms degrade azo dyes and as end 275 
product they form colorless aromatic amines (Ali, 2010; Ajaz et al., 2020; Dong et al., 276 
2019). Benzidine is generally used in construction of direct azo dyes and has been reported 277 
as potential carcinogen (Dewan et al., 1988; Ali, 2010; Sen et al., 2016). Direct dyes are 278 
inexpensive and used to dye fibers, leathers or papers without any pre-treatment. Among 279 
benzidine based azo dyes most generally used dye is Direct Black 38. Degradation of 280 
Direct Black 38 dye can be achieved using Enterococcus gallinarum (Bafana et al., 2008; 281 
Bafana et al., 2009). Direct Black 38 has three azo bonds in its structure which are the 282 
active sites for azoreductase. Direct Black 38 through metabolic reactions is converted to 283 
benzidine which upon deamination results in 4-amion phenyl. It has been reported that dyes 284 
which have benzidine as a base is highly carcinogenic as compared to the dyes without 285 
Benzidine (Yamjala et al., 2016). This is due to existence of pollutant(s) like 4-amino 286 
biphenyl and 2-4, diaminoazo-benzene, which have been reported as carcinogens (Dewan 287 
et al., 1988; Ali, 2010; Bencheqroun et al., 2019).   288 
 289 
6. Factor affecting biodegradation of dyes 290 
 291 
Microbe based treatments for degradation of toxic environmental pollutants are 292 
economically viable, cost effective and also helps to manage environmental contaminants 293 
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(Varjani and Upasani, 2017a: Rodrigues de Almeida et al., 2019; Do et al., 2020; Mishra et 294 
al., 2020). Dye industrial wastewater holds variability of azo dyes along with other dye 295 
stuff which are structurally different. It has been reported that metals, salts and other 296 
compounds make degradation of dyes more difficult and it is toxic for bacterial growth too 297 
(Ghosh et al., 2020). Factors like temperature, pH, dissolved oxygen, nutrients, dissolved 298 
organic matter, metals and organic pollutants influence water quality (Al-Amrani et al., 299 
2014). Organic contaminants such as 2-napthole, Chloroaniline, Benzene, P-300 
aminobenzoicacid, Ethylenedibromide, Pyrene, P-nitrophenol, etc. are commonly used in 301 
dye manufacturing and highly present in dye industry wastewater and affects growth of 302 
bacteria during wastewater treatment (Awad et al., 2019). The factors affecting dye 303 
degradation are mainly divided into two categories. i) Environmental factors, ii) Nutritional 304 
factors. 305 
 306 
6.1.  Environmental factors 307 
 308 
6.1.1.  pH - pH is important factor for growth of bacteria and also an essential 309 
characteristic for effluent treatment (Varjani and Upasani, 2017b). pH can be acidic, 310 
alkaline or neutral based on type of dyes and salts used. Rate of dye degradation in dye 311 
containing effluent may change through its pH. The problem can be solved by (a) adjusting 312 
pH of effluent to support the growth of dye degrading bacteria or (b) selecting the microbial 313 
sp. which can grow at effluent pH (Al-Amrani et al., 2014). Basutkar and Shivannavar 314 
(2019), reported maximum dye degradation at pH range of 8-10 by using Lysinibacillus 315 
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boronitolerans CMGS-2. 98% degradation of malachite green was achieved RuO2–TiO2 316 
and Pt coated Ti mesh electrodes at pH 4.5 (Singh et al., 2016). 317 
 318 
6.1.2. Temperature - Water temperature affects activities prevailing in water such as 319 
mineralization, diffusion, chemical process which increases pH of water (Delpla et al., 320 
2009; Varjani and Upasani, 2019b). Extreme temperatures can kill bacteria/affect the 321 
growth, if bacteria present in wastewater (Al-Amrani et al., 2014; Varjani and Upasani, 322 
2017b). Faster rate in degradation of dye can be achieved by giving bacterial culture an 323 
optimum temperature which is generally reported as 30-40oC for most bacteria. Das and 324 
Mishra (2017), have used bacterial consortium of Bacillus pumilus HKG212 and Zobellella 325 
taiwanensis AT 1-3 for degradation of reactive green 19 and reported highest degradation 326 
at 32.04oC. However, few thermophilic bacteria are reported for degradation of azo dye at 327 
high temperature. Gursahani and Gupta (2011), reported 75% degradation of effluent at 328 
60oC by using Anoxybacillus rupiensis. It has been reported that decolorization rate 329 
decreases as temperature increases (Imran et al., 2015).  330 
 331 
6.1.3. Oxygen and agitation - Environmental conditions directly affect 332 
degradation/decolorization of dye. Literature is available stating that microbial metabolism 333 
is influenced by oxygen and agitation (Varjani and Upasani, 2017a). Different 334 
microorganisms require different conditions such as aerobic condition, anaerobic and semi 335 
anaerobic. Shaking play role in aeration/oxygen supply. Oxygenation can be improved by 336 
shaking. It is supposed that reductive enzyme activities can be increased under anaerobic 337 
condition. However, for aerobic dye degradation oxidative enzymes play important role 338 
 16 
which require presence of oxygen (Khan et al., 2012). Gonzalez-Gutierrez-de-Lara and 339 
Gonzalez-Martinez (2017), studied Direct Blue 2 dye degradation under different oxygen 340 
concentration. 341 
 342 
6.2. Nutritional factors 343 
 344 
6.2.1. Soluble salts - Wastewater from dye industry contains high electric conductivity due 345 
to use of high salt concentration in dying process which can be detected using conductivity 346 
meter. To increase ionic strength and development of dye fixation on fabrics salts like 347 
Na2SO4, NaCl and NaNO3 are usually added in the dye bath. Hence, with release of dye 348 
pollutants, salts are also released in industrial wastewater. Dyes containing high salt 349 
concentration may decrease biodegradation rate by reducing biological movement 350 
(Basutkar and Shivannavar, 2019).   351 
 352 
6.2.2. Carbon and nitrogen supplements - Microorganisms require nutrient supplements 353 
for quick degradation of pollutants (Varjani and Upasani, 2019a). Organic sources like 354 
peptone, yeast extract or combination of carbohydrates and complex organic sources have 355 
been reported to obtain high and quick dye degradation rate by both pure cultures and 356 
mixed cultures. Dye degradation efficiency can be increased by addition of glucose. 357 
Glucose has been reported as most effective and easily available carbon source for 358 
microbial metabolism of dyes or dye intermediates (Khan et al., 2012). Phosphorus has 359 
been reported as very important factor for growth of microorganism (Kisand et al., 2001; 360 
Varjani, and Upasani, 2019a).  361 
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6.2.3. Dye concentration and dye structure - Dye concentration and dye structure 362 
influence degradation/decolorization of dye. Low dye concentration may not have 363 
identified by enzymes which are secreted from dye degrading bacteria. On the other hand, 364 
high dye concentration is toxic to bacteria and also effect degradation of dye by blocking 365 
enzyme active sites. Likewise, low molecular weight and simple structure containing dyes 366 
are easy to decolorize. Whereas, high molecular weight and complex structure containing 367 
dyes have low decolorization rate (Li et al., 2019). Increased dye concentration decreases 368 
dye decolorization and/or degradation (Liu et al., 2017). 369 
 370 
7. Role of genetically modified organisms 371 
 372 
Addition of desired gene into the organism for any particular purpose (i.e. foreign 373 
gene), which is not generally part of the host system, produces genetically modified 374 
organism (GMO). Nature has self-cleaning process under environmental condition, but 375 
literature is available stating that it is insufficient and slow to remove pollutants (Peter et 376 
al., 2011; Mishra et al., 2019). Several physical, chemical and biological treatments have 377 
been reported for the degradation of hazardous pollutants such as dyes which can be used 378 
as individually or in combination (Li et al., 2019; Wang et al., 2019; Varjani et al., 2020). 379 
Nowadays, synthetic dyes are produced in such a way that they resist degradation and 380 
because of this degradation of dye by traditional techniques is becoming time and efforts 381 
consuming (Saxena et al., 2019). Each microorganism has different capability of dye 382 
degradation, detoxification and decolorization. Bacteria are most widely used for 383 
bioremediation (Kumar et al., 2020). Genetic engineering has made a significant revolution 384 
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in field of bioremediation (Mishra et al., 2020). Dye degradation/decolorization can be 385 
improved using genetically modified organisms under environmental conditions. GMOs 386 
can be produced by transferring gene from one species to another species or by gene 387 
modification (Peter et al., 2011; Tahri et al., 2013; Saxena et al., 2019; Kumar et al., 2020). 388 
To design GMO, functional gene of various bacterial strains has been used such as 389 
Sphingomonas desiccabilis, Escherichia coli, Bacillus idriensis, Pseudomonas putida, 390 
Mycobacterium marinum, Ralstonia eutropha, etc. and transferred into other species 391 
(Saxena et al., 2019). Various genetic tools and techniques are available to identify 392 
expression of microbial genome such as single-stranded conformation polymorphism, 393 
randomly amplified polymorphic DNA, Polymerase chain reaction (PCR), 16S rDNA 394 
sequencing and other new sequencing technologies (Urgun-Demirtas et al., 2006; Holst-395 
Jensen et al., 2016; Mishra et al., 2020). Sandhya (2008), produced Escherichia coli SS125 396 
for degradation of Remazol red dye by transferring azoreductase gene form Bacillus 397 
latrosporus RRK1 to Escherichia coli DH5a and Plasmid pAZR-SS125. Jin et al. (2009), 398 
have constructed genetically modified E. coli JM109 (pGEX-AZR) in laboratory which 399 
shows decolorization of direct blue 71. It was achieved by inserting azoreductase gene in 400 
expression vector pGEX4T-1. Vector was than expressed and transformed in E. coli JM109 401 
under control of a lac operon. Ajaz et al. (2020), reported degradation of Remazol red in 402 
presence of 0.8 mg/L dissolve oxygen with help of azoreductase gene which was replicated 403 
from Bacillus latrosporus RRK1 and integrated in Escherichia coli. Degradation of various 404 
dyes using genetically modified microorganisms including details of host microorganism, 405 





8. Microbial degradation of dyes: Gaps and future needs 410 
 411 
To achieve better results in biodegradation of dyes, further research work is 412 
necessary such as (a) responsible micro-organisms, (b) limitation of experimental factors, 413 
(c) site for bioremediation and (d) degradation pathways before applying micro-organisms 414 
in the field. It would be of utmost importance to determine the nature of the degradation 415 
products and to establish their (non) toxicity to aquatic or plant life. Many microbial 416 
degradation techniques have been resisted by dyes, there is a new way to degrade dyes 417 
through genetic engineering, which opens a new arena for researchers working in this field. 418 
With the use of advanced molecular biology tools responsible genes/enzymes for dye 419 
degradation can be studied. Dye degradation may produce by-products, nutrients and 420 
energy which can be used as resources. Complete dye degradation is a challenge for 421 
researchers. Successful application of biodegradation of dye wastewater requires a number 422 
of research studies that need to be pursued.  423 
• Future studies on dye degradation should be aimed to reduce limitation of 424 
factors upon microbial activities. 425 
• Re-examination of recent and early successful studies is required to improve 426 
them for enhanced efficiency.   427 
• Effective biodegradation process should consider degradation pathways, 428 
environmental factors, degradation rate and degradation mechanisms that affect 429 
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removal of pollutants. It would be highly imperative to ensure that the degraded 430 
products have no toxicity on aquatic life or plants. 431 
• Integration of treatment technologies for dye pollutants is highly desirable for 432 
effective translation to industries. 433 
• Study of mechanisms and theories for bacterial degradation of dye wastewater 434 
would help to explore bacterial degradation kinetics. 435 
 436 
4. Conclusions 437 
 438 
Disposal of wastewater generated by dye industries into environment without proper 439 
treatment impacts harmfully the soil and water environment. This demands to invent sustainable 440 
green processes to remediate the hazardous chemical compounds present in the effluent. Biological 441 
treatments offer potential benefits compared to physical and chemical treatment methods. 442 
Biological wastewater treatments have been demonstrated using microbial consortia or 443 
single microbial strain having capabilities for dye degradation. In this regard, use of 444 
genetically modified organisms could be of added advantage to enhance the process 445 
efficiency of degradation. Integration of technologies is yet another important aspect, which 446 
could bring potential benefits. Advanced technologies and materials need to be developed 447 




Authors are grateful to the management of Gujarat Pollution Control Board, Gandhinagar, 451 




1) Abe, F.R., Machado, A L., Soares, A.M.V.M., de Oliveira, D.P., Pestana, J.L.T., 456 
2019. Life history and behavior effects of synthetic and natural dyes on Daphnia 457 
magna. Chemosphere. 236, 124390 (Doi:10.1016/j.chemosphere.2019.124390)  458 
2) Aguiar, J.E., Cecilia, J.A., Tavares, P.A.S., Azevedo, D.C.S., Castellon, E.R., 459 
Lucena, S.M.P., Silva, I.J., 2017. Adsorption study of reactive dyes onto porous clay 460 
heterostructures. App. Clay Sci. 135, 35-44.  461 
3) Ajaz, M., Shakeel, S., Rehman, A., 2020. Microbial use for azo dye degradation-a 462 
strategy for dye bioremediation. Int. Microbiol. 23(2), 149‐159.  463 
4) Al-Amrani, W.A., Lim, P.E., Seng, C.E., Wan Ngah, W.S., 2014. Factors affecting 464 
bio-decolorization of azo dyes and COD removal in anoxic-aerobic REACT 465 
operated sequencing batch reactor. J. Taiwan Inst. Chem. Eng. 45(2), 609-616. 466 
5) Ali, H., 2010. Biodegradation of Synthetic Dyes: A Review. Water Air Soil Pollut. 467 
213, 251-273.  468 
6) Almaguer, M.A., Carpio, R.R., Alves, T.L.M., Bassin, J.P., 2018. Experimental 469 
study and kinetic modelling of the enzymatic degradation of the azo dye Crystal 470 
Ponceau 6R by turnip (Brassica rapa) peroxidase. J. Environ. Chem. Eng. 6(1), 471 
610–615. 472 
 22 
7) Awad, A.M., Shaikh, S.M.R., Jalab, R., Gulied, M.H., Nasser, M.S., Benamor, A., 473 
Adham, S., 2019. Adsorption of Organic Pollutants by Natural and Modified Clays: 474 
A Comprehensive Review. Separation and Purification Technol. 228, 115719 475 
(Doi:10.1016/j.seppur.2019.115719). 476 
8) Ayed, L., El Ksibi, I., Charef, A., Mzoughi R., 2020. Hybrid coagulation-477 
flocculation and anaerobicaerobic biological treatment for industrial textile 478 
wastewater: pilot case study. J. Textile Inst. 1-7. (Doi: 479 
10.1080/00405000.2020.1731273). 480 
9) Bafana, A., Chakrabarti, T., Muthal, P., Kanade, G., 2009. Detoxification of 481 
benzidine-based azo dye by E. gallinarum: Time-course study. Ecotoxicol. Environ. 482 
Safety. 72(3), 960–964.  483 
10) Bafana, A., Krishnamurthi, K., Devi, S. S., Chakrabarti, T., 2008. Biological 484 
decolourization of C.I. Direct Black 38 by E. gallinarum. J. Hazard. Mater. 157(1), 485 
187–193.  486 
11) Basutkar M.R., Shivannavar C.T., 2019. Decolorization Study of Reactive Red-11 487 
by using Dye Degrading Bacterial Strain Lysinibacillus boronitolerans CMGS-2. 488 
Int. J. Curr. Microbiol. App. Sci.  8(6), 1135-1143.  489 
12) Bencheqroun, Z., Mrabet, I.E., Kachabi, M., Nawdali, M., Neves, I., Zaitan, H., 490 
2019. Removal of Basic Dyes from Aqueous Solutions by Adsorption onto 491 
Moroccan Clay (Fez City). Mediterr. J. Chem. 8(2), 158-167.  492 
13) Benkhaya, S., M’rabet, S., El Harfi, A., 2020. Classifications, properties, recent 493 
synthesis and applications of azo dyes. Heliyon. 6(1), 494 
e03271 (Doi:10.1016/j.heliyon.2020.e03271).  495 
 23 
14) Bhatia, D., Sharma, N. R., Singh, J., Kanwar, R. S., 2017. Biological methods for 496 
textile dye removal from wastewater: A review. Crit. Rev. Environ. Sci. Tech. 497 
47(19), 1836-1876.  498 
15) Cao, J., Sanganyado, E., Liu, W., Zhang, W., Liu, Y., 2019. Decolorization and 499 
detoxification of Direct Blue 2B by indigenous bacterial consortium. J. Environ. 500 
Manage. 242, 229–237.  501 
16)  Cao, X.L., Yan, Y.N., Zhou, F.Y., Sun, S.P., 2020. Tailoring nanofiltration 502 
membranes for effective removing dye intermediates in complex dye-wastewater. J. 503 
Membr. Sci. 595, 117476 (Doi:10.1016/j.memsci.2019.117476)  504 
17) Chang, J.S., Lin, C.Y., 2001. Decolorization kinetics of a recombinant Escherichia 505 
coli strain harboring azo-dye-decolorizing determinants from Rhodococcus sp. 506 
Biotechnol. Lett. 23, 631-636.  507 
18) Chung, K.T., 2016. Azo dyes and human health: A review. J. Environ. Sci. Health 508 
Part C. 34(4), 233-261.  509 
19)  Crini, G., Lichtfouse, E., 2018. Advantages and disadvantages of techniques used 510 
for wastewater treatment. Environ. Chem. Lett. 17, 145-155.  511 
20) Das, A., Mishra, S., 2017. Removal of textile dye reactive green-19 using bacterial 512 
consortium: Process optimization using response surface methodology and kinetics 513 
study. J Environ Chem. Eng. 5(1), 612–627. 514 
21) De Jong, L., Pech, N., De Aragao Umbuzeiro, G., Moreau, X., 2016. Multi-scale 515 
biomarker evaluation of the toxicity of a commercial azo dye (Disperse Red 1) in an 516 
animal model, the freshwater cnidarian Hydra attenuata. Water Research. 96, 62–517 
73. 518 
 24 
22) Delpla, I., Jung, A.V., Baures, E., Clement, M., Thomas, O., 2009. Impacts of 519 
climate change on surface water quality in relation to drinking water production. 520 
Environ. Int. 35(8), 1225-1233.   521 
23) Dewan, A., Jani, J.P., Patel, J.S., Gandhi, D.N., Variya, M.R., Ghodasara, N.B., 522 
1988. Benzidine and Its Acetylated Metabolites in the Urine of Workers Exposed to 523 
Direct Black 38. Archives Env Health: An Int J. 43(4), 269-272.  524 
24) Dias, N.C., Bassin, J.P., Sant’Anna, G.L., Dezotti, M., 2019. Ozonation of the dye 525 
Reactive Red 239 and biodegradation of ozonation products in a moving-bed 526 
biofilm reactor: Revealing reaction products and degradation pathways. Int. 527 
Biodeterior. Biodegrad. 144, 104742 (Doi:10.1016/j.ibiod.2019.104742). 528 
25) Dixit, S., Garg, S., 2019. Development of an efficient recombinant bacterium and its 529 
application in the degradation of environmentally hazardous azo dyes. Int. J. 530 
Environ. Sci. Technol. 16, 7137-7146.  531 
26) Do, M.H. Ngo, H.H., Guo, W., Chang, S.W., Nguyen, D.D., Varjani S., Kumar, M., 532 
2020. Microbial fuel cell-based biosensor for online monitoring wastewater quality: 533 
A critical review. Sci. Total Environ. 135, 135612 (Doi: 534 
https://doi.org/10.1016/j.scitotenv.2019.135612). 535 
27) Dong, H., Guo, T., Zhang, W., Ying, H., Wang, P., Wang, Y., Chen, Y., 536 
2019. Biochemical characterization of a novel azoreductase from Streptomyces sp.: 537 
Application in eco-friendly decolorization of azo dye wastewater. Int. J. Biol. 538 
Macromolecules 140, 1037-1046. 539 
28) Ebrahimi, R., Maleki, A., Zandsalimi, Y., Ghanbari, R., Shahmoradi, B., Rezaee, R., 540 
Mahdi Safaria, M., Jooc, S.W., Daraeia, H., Puttaiah, S.H., Giahi, O., 541 
 25 
2019. Photocatalytic degradation of organic dyes using WO3-doped ZnO 542 
Nanoparticles fixed on a glass surface in aqueous solution. J. Ind. Eng. Chem. 73, 543 
297-305.  544 
29) Eslami, M., Amoozegar, M. A., Asad, S., 2016. Isolation, cloning and 545 
characterization of an azoreductase from the halophilic bacterium Halomonas 546 
elongata. Int. J. Biol. Macromolecules 85, 111–116.  547 
30) Fernandes, F.H., Umbuzeiro, G.A., Salvadori, D.M.F., 2019. Genotoxicity of textile 548 
dye C.I. Disperse Blue 291 in mouse bone marrow. Mutat. Res. Genet. Toxicol. 549 
Environ. Mutagen. 837, 48-51.  550 
31) Ferraz, E.R.A., Oliveira, G.A.R., Grando, M.D., Lizier, T.M., Zanoni, M.V.B., 551 
Oliveira, D.P., 2013. Photoelectrocatalysis based on Ti/TiO2 nanotubes removes 552 
toxic properties of the azo dyes Disperse Red 1, Disperse Red 13 and Disperse 553 
Orange 1 from aqueous chloride samples. J. Environ. Manage. 124, 108-114.  554 
32) Freeman, H. S., Mock, G. N., 2007. Dye Application, Manufacture of Dye 555 
Intermediates and Dyes. In: Kent J.A. (eds) Kent and Riegel’s Handbook of 556 
Industrial Chemistry and Biotechnology. Springer, Boston, MA, pp. 499-557 
590. (Doi:10.1007/978-0-387-27843-8_13).  558 
33) Gao, Y., Yang, B., Wang, Q., 2018. Biodegradation and Decolorization of Dye 559 
Wastewater: A Review. IOP Conference Series: Earth and Environmental Science, 560 
178. (Doi:10.1088/1755-1315/178/1/012013)  561 
34) Ghosh, S.K., Saha, P.D., Francesco Di, M.(Eds.)., 2020. Recent Trends in Waste 562 
Water Treatment and Water Resource Management. Springer Nature Singapore Pvt. 563 
Ltd. Springer, Singapore. 564 
 26 
35) Gonzalez-Gutierrez-de-Lara, E., Gonzalez-Martinez, S., 2017. Simultaneous 565 
treatment of wastewater and direct blue 2 azo dye in a biological aerated filter under 566 
different oxygen concentrations. In: Mannina G. (eds) Frontiers in Wastewater 567 
Treatment and Modelling. FICWTM 2017. Lecture Notes in Civil Engineering, vol 568 
4. Springer, Cham. 569 
36) Gregory, P., 2000. Dyes and Dye Intermediates. Kirk-Othmer Encyclopedia of 570 
Chemical Technology. (Doi: 10.1002/0471238961.0425051907180507.a01.pub2) 571 
37) Guo, Y., Xue, Q., Cui, K., Zhang, J., Wang, H., Zhang, H., Yuana, F., Chen, H., 572 
2018. Study on the degradation mechanism and pathway of benzene dye 573 
intermediate 4-methoxy-2- nitroaniline via multiple methods in Fenton oxidation 574 
process. RSC Adv. 8, 10764-10775.  575 
38) Gursahani, Y.H., Gupta, S.G., 2011. Decolourization of textile effluent by a 576 
thermophilic bacteria Anoxybacillus rupiensis. J. Pet. Environ. Biotechnol. 2 (2). 577 
(10.4172/2157-7463.1000111) 578 
39) Holst-Jensen, A., Spilsberg, B., Arulandhu, A. J., Kok, E., Shi, J., Zel, J., 579 
2016. Application of whole genome shotgun sequencing for detection and 580 
characterization of genetically modified organisms and derived products. Anal. 581 
Bioanal. Chem. 408(17), 4595-4614.  582 
40) Huang, W., Yang, H., Zhang, S., 2019. Acetylacetone extends the working life of 583 
laccase in enzymatic transformation of malachite green by interfering with a key 584 
intermediate. J. Hazard. Mater. 366, 520-528.   585 
41) Iark, D., dos Reis Buzzo, A.J., Garcia, J.A.A., Correa, V.G., Helm, C.V., Correa, 586 
R.C.G., Peraltae, R.A., Moreira, R.F.P.M., Bracht, A., Peralta, R.M., 587 
 27 
2019. Enzymatic degradation and detoxification of azo dye Congo red by a new 588 
laccase from Oudemansiella canarii. Bioresour. Technol. 289, 121655 589 
(Doi:10.1016/j.biortech.2019.121655)  590 
42) Imran, M., Crowley, D.E., Khalid, A., Hussain, S., Mumtaz, M.W., Arshad, M., 591 
2015. Microbial biotechnology for decolorization of textile wastewaters. Rev. 592 
Environ. Sci. Biotechnol. 14(1), 73-92.   593 
43) Jiang, L.L., Li, K., Yan, D.L., Yang, M.F., Ma, L., Xie, L.Z., 2020. Toxicity 594 
Assessment of 4 Azo Dyes in Zebrafish Embryos. Int. J. Toxicol. 39(2), 115 - 123.   595 
44) Jin, R., Yang, H., Zhang, A., Wang, J., Liu, G., 2009. Bioaugmentation on 596 
decolorization of C.I. Direct Blue 71 by using genetically engineered strain 597 
Escherichia coli JM109 (pGEX-AZR). J. Hazard. Mater. 163(2-3), 1123-1128.  598 
45) Jin, R., Zhou, J., Zhang, A., Wang, J., 2008. Bioaugmentation of the decolorization 599 
rate of acid red GR by genetically engineered microorganism Escherichia coli 600 
JM109 (pGEX-AZR). World J. Microbiol. Biotechnol. 24(1), 23-29.  601 
46) Kalyani, D.C., Telke, A.A., Govindwar, S.P., Jadhav, J.P., 2009. Biodegradation 602 
and Detoxification of reactive textile dye by isolated Pseudomonas sp. SUK1. 603 
Water Environ. Res. 81(3), 298-307.  604 
47) Karimifard, S., Alavi Moghaddam, M. R., 2018. Application of response surface 605 
methodology in physicochemical removal of dyes from wastewater: A critical 606 
review. Sci. Total Environ. 640-641, 772-797.  607 
48) Khan, R., Bhawana, P., Fulekar, M. H., 2012. Microbial decolorization and 608 
degradation of synthetic dyes: a review. Rev Environ Sci Biotechnol. 12(1), 75-97.  609 
 28 
49) Kiayi, Z., Lotfabad, T. B., Heidarinasab, A., Shahcheraghi, F., 2019. Microbial 610 
degradation of azo dye carmoisine in aqueous medium using Saccharomyces 611 
cerevisiae ATCC 9763. J. Hazard. Mater. 373, 608-619.  612 
50) Kisand, V., Tuvikene, L., Noges, T., 2001. Role of phosphorus and nitrogen for 613 
bacteria and phytopankton development in a large shallow lake. Hydrobiologia 457, 614 
187–197. 615 
51) Kumar V., Chandra R., Thakur I.S., Saxena G., Shah M. P., 2020. Recent Advances 616 
in Physicochemical and Biological Treatment Approaches for Distillery 617 
Wastewater. In: Shah M., Banerjee A. (eds) Combined Application of Physico-618 
Chemical and Microbiological Processes for Industrial Effluent Treatment Plant. 619 
Springer, Singapore, pp.79-118. 620 
52) Kumar, A., Kumar, A., Singh, R., Singh, R., Pandey, S., Rai, A., Singh V, 621 
Bhadouria R., 2020. Genetically engineered bacteria for the degradation of dye and 622 
other organic compounds. In: Abatement of Environmental Pollutants, Singh, P., 623 
Kumar, A., Borthaku A., (eds.), Elsevier, pp. 331-350. 624 
53) Kunz, A., Mansilla, H., Duran, N., 2002. A Degradation and Toxicity Study of 625 
Three Textile Reactive Dyes by Ozone. Environ Technol. 23(8), 911-918.  626 
54) Lan, J., Sun, Y., Huang, P., Du, Y., Zhan, W., Zhang, T.C., Du, D., 2019. Using 627 
Electrolytic Manganese Residue to prepare novel nanocomposite catalysts for 628 
efficient degradation of Azo Dyes in Fenton-like processes. Chemosphere. 252, 629 
126487 (Doi: https://doi.org/10.1016/ j.chemosphere.2020.126487). 630 
 29 
55)  Lellis, B., Favaro-Polonio, C.Z., Pamphile, J.A., Polonio, J.C., 2019. Effects of 631 
textile dyes on health and the environment and bioremediation potential of living 632 
organisms. Biotechnol. Res. Innovation. 3(2), 275-290.  633 
56) Li, H., Wang, Y., Wang, Y., Wang, H., Sun, K., Lu, Z., 2019. Bacterial degradation 634 
of anthraquinone dyes. J. Zhejiang Uni-Sci. B. 20(6), 528–540.  635 
57) Li, H., Wang, Y., Wang, Y., Wang, H., Sun, K., Lu, Z., 2019. Bacterial degradation 636 
of anthraquinone dyes. J. Zhejiang Univ. Sci. B. 20(6), 528-540.  637 
58) Li, J., Bishop, P., 2004. Adsorption and biodegradation of azo dye in biofilm 638 
processes. Water Sci Technol. 49(11-12), 237-45 (DOI: 10.2166/wst.2004.0851) 639 
59) Li, J.F., Jahan Rupa, E., Hurh, J., Huo, Y., Chen, L., Han, Y., Ahnb, J.C., Parkb, 640 
J.K., Leea, H.A., Mathiyalaganb, R., Yang, D.C., 2019. Cordyceps militaris fungus 641 
mediated Zinc Oxide nanoparticles for the photocatalytic degradation of Methylene 642 
blue dye. Optik. 183, 691-697.  643 
60) Li, N., Chen, G., Zhao, J., Yan, B., Cheng, Z., Meng, L., Chen, V., 2019. Self-644 
cleaning PDA/ZIF-67@PP membrane for dye wastewater remediation with 645 
peroxymonosulfate and visible light activation. J. Membr. Sci. 591, 646 
117341(https://doi.org/10.1016/j.memsci.2019.117341).   647 
61)   Liu, N., Xie, X., Yang, B., Zhang, Q., Yu, C., Zheng, X., Xu L., Li R., Liu, J., 648 
2016. Performance and microbial community structures of hydrolysis acidification 649 
process treating azo and anthraquinone dyes in different stages. Environ. Sci. Pollut. 650 
Res. 24(1), 252-263.  651 
62) Lua, H., Wanga, X., Zanga, M., Zhoua, J., Wanga, J., Guo, W., 2019. Degradation 652 
pathways and kinetics of anthraquinone compounds along with nitrate removal by a 653 
 30 
newly isolated Rhodococcus pyridinivorans GF3 under aerobic conditions. 654 
Bioresour. Technol.  285, 121336 (Doi: 655 
https://doi.org/10.1016/j.biortech.2019.121336). 656 
63) Mandal, T., Dasgupta, D., Datta, S., 2010. A biotechnological thrive on COD and 657 
chromium removal from leather industrial wastewater by the isolated 658 
microorganisms. Des. Water Treatment. 13(1-3), 382-392.  659 
64) Mane, U.V., Gurav, P.N., Deshmukh, A.M. Govindwar, S.P., 2008. Degradation of 660 
textile dye reactive navy - blue Rx (Reactive blue-59) by an isolated Actinomycete 661 
Streptomyces krainskii SUK - 5. Malaysian J. Microbiol. 4(2), 1-5. 662 
65) Mansour, B.H., Ayed-Ajmi, Y., Mosrati, R., Corroler, D., Ghedira, K., Barillier, D., 663 
Chekir-Ghedira, L., 2010. Acid violet 7 and its biodegradation products induce 664 
chromosome aberrations, lipid peroxidation, and cholinesterase inhibition in mouse 665 
bone marrow. Environ. Sci. Pollut. Res. 17(7), 1371-1378.  666 
66) Mishra, B., Varjani, S., Iragavarapu, G.P., Ngo, H.H., Guo, W., Vishal, B., 2019. 667 
Microbial fingerprinting of potential biodegrading organisms. Curr. Pollut. Rep. 1-668 
17 (Doi: 10.1007/s40726-019-00116-5). 669 
67) Mishra, B., Varjani, S., Kumar, G., Awasthi, M.K., Awasthi, S.K., Sindhu, R., 670 
Binod, P., Rene, E.R., Zhang, Z., 2020. Microbial approaches for remediation of 671 
pollutants: Innovations, future outlook, and challenges. Energy Environ. 1-30 (Doi: 672 
10.1177/0958305X19896781). 673 
68) Nakkeeran, E., Varjani, S., Goswami, S., Singh, U., Kapoor, T., 2020. Chitosan 674 
based silver nanocomposite for hexavalent chromium removal from tannery 675 
 31 
industry effluent using a packed bed reactor. J. Environ. Eng. 146 (6), 04020032 676 
(Doi: 10.1061/(ASCE)EE.1943-7870.0001701).  677 
69) Nguyen, T.A., Fu, C.C., Juang, R.S., 2016. Effective removal of sulfur dyes from 678 
water by biosorption and subsequent immobilized laccase degradation on 679 
crosslinked chitosan beads. Chem. Eng. J. 304, 313–324.  680 
70) Oon, Y.L., Ong, S.A., Ho, L.N., Wong, Y.S., Dahalan, F. A., Oon, Y.S., Thung, 681 
W.E., 2020. Constructed wetland-microbial fuel cell for azo dyes degradation and 682 
energy recovery: Influence of molecular structure, kinetics, mechanisms and 683 
degradation pathways. Sci. Total Environ. 720, 137370 684 
(Doi:10.1016/j.scitotenv.2020.137370).   685 
71) Pandey, L.K., Bergey, E.A., 2018. Metal toxicity and recovery response of riverine 686 
periphytic algae. Sci. Total Environ. 642, 1020–1031. 687 
72) Peter, R., Mojca, J., Primoz, P., 2011. Genetically Modified Organisms (GMOs). 688 
Encyclopedia of Environmental Health. 2(3), 199-207. 689 
73) Pratiwi, D., Prasetyo, D.J., Poeloengasih, C.D., 2019. Adsorption of Methylene Blue 690 
dye using Marine algae Ulva lactuca. IOP Conference Series: Earth and 691 
Environmental Science, 251, 012012 (Doi:10.1088/1755-1315/251/1/012012). 692 
74) Rodrigues de Almeida, E. J., Christofoletti Mazzeo, D. E., Deroldo Sommaggio, L. 693 
R., Marin-Morales, M. A., Rodrigues de Andrade, A., Corso, C. R., 2019. Azo dyes 694 
degradation and mutagenicity evaluation with a combination of microbiological and 695 
oxidative discoloration treatments. Ecotoxicol. Environ. Saf. 183, 109484 696 
(Doi:10.1016/j.ecoenv.2019.109484).  697 
 32 
75) Roy, D.C., Biswas, S.K., Saha, A.K., Sikdar, B., Rahman, M., Roy, A.K., Prodhan, 698 
Z.H., Tang, S., 2018. Biodegradation of Crystal Violet dye by bacteria isolated from 699 
textile industry effluents. PeerJ  6:e5015  (Doi:10.7717/preetj.5015). 700 
76) Sabnis R.W., 2016. The Gewald reaction in dye chemistry. Coloration Technol. 132, 701 
49-82 (Doi: 10.1111/cote.12182). 702 
77) Sabnis, R. W., 2017. Manufacture of Dye Intermediates, Dyes, and Their Industrial 703 
Applications. In: Kent, J., Bommaraju, T., Barnicki, S. (eds) Handbook of Industrial 704 
Chemistry and Biotechnology. Springer, Cham, pp.581–676.  705 
78) Sandhya, S., Sarayu, K., Uma, B., Swaminathan, K., 2008. Decolorizing kinetics of 706 
a recombinant Escherichia coli SS125 strain harboring azoreductase gene from 707 
Bacillus latrosporus RRK1. Bioresour. Technol. 99 (7), 2187–2191.  708 
79) Saxena, G., Kishor, R., Saratale, G. D., Bharagava, R. N., 2019. Genetically 709 
Modified Organisms (GMOs) and their Potential in Environmental Management: 710 
Constraints, Prospects, and Challenges. Bioremediation of Industrial Waste for 711 
Environmental Safety. In: Bharagava R., Saxena G. (eds) Bioremediation of 712 
Industrial Waste for Environmental Safety. Springer, Singapore, pp.1-19.  713 
80) Sen, S.K., Raut, S., Bandyopadhyay, P., Raut, S., 2016. Fungal decolouration and 714 
degradation of azo dyes: A review. Fungal Biol Rev. 30(3), 112–133.  715 
81) Shabbir, S., Faheem, M., Ali, N., Kerr, P.G., Wang, L.F., Kuppusamy, S., Li, Y., 716 
2020. Periphytic biofilm: An innovative approach for biodegradation of 717 
microplastics. Sci. Total Environ. 717, 137064 718 
(https://doi.org/10.1016/j.scitotenv.2020.137064).  719 
 33 
82) Shabbir, S., Faheem, M., Ali, N., Kerr, P.G., Wu, Y., 2017a. Evaluating role of 720 
immobilized periphyton in bioremediation of azo dye amaranth. Bioresour. Technol. 721 
225, 395–401.  722 
83) Shabbir, S., Faheem, M., Ali, N., Kerr, P.G., Wu, Y., 2017b. Periphyton biofilms: A 723 
novel and natural biological system for the effective removal of sulphonated azo dye 724 
methyl orange by synergistic mechanism. Chemosphere 167, 236–246. 725 
84) Shah, M., 2014. Effective treatment systems for azo dye degradation: a joint venture 726 
between physico-chemical and microbiological process. Int. J. Environ. Biorem. 727 
Biodegrad. 2(5), 231-242.  728 
85) Shahid, M., Wertz, J., Degano, I., Aceto, M., Khan, M. I., Quye, A., 729 
2019. Analytical methods for determination of anthraquinone dyes in historical 730 
textiles: A review. Analytica Chimica Acta. 1083, 58-87. 731 
86) Shanmugam, S., Ulaganathan, P., Swaminathan, K., Sadhasivam, S., Wu, Y.R., 732 
2017. Enhanced biodegradation and detoxification of malachite green by 733 
Trichoderma asperellum laccase: Degradation pathway and product analysis. Int. 734 
Biodeterior. Biodegradation. 125, 258–268. 735 
87) Singh, S., Lo, S.L., Srivastava, V.C., Hiwarkar, A.D., 2016. Comparative study of 736 
electrochemical oxidation for dye degradation: Parametric optimization and 737 
mechanism identification. J. Environ. Chem. Eng. 4(3), 2911–2921. 738 
88) Sponza, D.T., 2006. Toxicity studies in a chemical dye production industry in 739 
Turkey. J. Hazard. Mater. 138(3), 438-447.  740 
89) Sudha M., Saranya A., Selvakumar G., Sivakumar N., 2014. Microbial degradation 741 
of Azo Dyes: A review. Int. J. Curr. Microbiol. App. Sci. 3(2), 670-690. 742 
 34 
90) Suryavathi, V., Sharma, S., Sharma, S., Saxena, P., Pandey, S., Grover, R., Kumar, 743 
S., Sharma, K., 2005. Acute toxicity of textile dye wastewaters (untreated and 744 
treated) of Sanganer on male reproductive systems of albino rats and mice. 745 
Reproductive Toxicol. 19(4), 547-556.  746 
91) Tahri, N., Bahafid, W., Sayel, H., El Ghachtouli, N., 2013. Biodegradation: 747 
Involved Microorganisms and Genetically Engineered Microorganisms. In: 748 
Biodegradation – Life of Science, Chamy, R., and Rosenkranz, F., (eds), janeza 749 
Trdine, IntechOpen, Rijeka, Croatia. pp.289-320.  750 
92) Tian, F., Guo, G., Zhang, C., Yang, F., Hu, Z., Liu, C., Wang, S., 2018. Isolation, 751 
cloning and characterization of an azoreductase and the effect of salinity on its 752 
expression in a halophilic bacterium. Int. J Biol. Macromolecules 123, 1062-1069.  753 
93) Tochhawng, L., Mishra, V.K., Passari, A.K., Singh, B.P., 2019. Endophytic Fungi: 754 
Role in Dye Decolorization. In: Advances in Endophytic Fungal Research, Singh B. 755 
(ed.), Fungal Biology. Springer, Cham, pp.1-15.  756 
94) Urgun-Demirtas, M., Stark, B., Pagilla, K., 2006. Use of Genetically Engineered 757 
Microorganisms (GEMs) for the Bioremediation of Contaminants. Crit. Rev. 758 
Biotechno. 26(3), 145-164.  759 
95) Varjani, S., Joshi, R., Srivastava, V.K., Ngo, H.H., Guo, W., 2019. Treatment of 760 
wastewater from petroleum industry: current practices and perspectives. Environ. 761 
Sci. Pollut. Res. 1-9 (Doi: 10.1007/s11356-019-04725-x). 762 
96) Varjani, S., Upasani, V.N., 2019a. Influence of abiotic factors, natural attenuation, 763 
bioaugmentation and nutrient supplementation on bioremediation of petroleum 764 
crude contaminated agricultural soil. J. Environ. Manage. 245, 358-366. 765 
 35 
97) Varjani, S., Upasani, V.N., 2019b. Comparing bioremediation approaches for 766 
agricultural soil affected with petroleum crude - A case study. Indian J. Microbiol. 767 
59(3), 356-364. 768 
98) Varjani, S., Upasani, V.N., Pandey, A., 2020. Bioremediation of oily sludge 769 
polluted soil employing a novel strain of Pseudomonas aeruginosa and 770 
phytotoxicity of petroleum hydrocarbons for seed germination. Sci. Total Environ. 771 
737, 139766 (Doi:10.1016/j.scitotenv.2020.139766).  772 
99) Varjani, S.J., 2017. Microbial degradation of petroleum hydrocarbons. Bioresour. 773 
Technol. 223, 277–286.  774 
100) Varjani, S.J., Gnansounou, E., Pandey, A., 2017. Comprehensive review on 775 
toxicity of persistent organic pollutants from petroleum refinery waste and their 776 
degradation by microorganisms, Chemosphere. 188, 280-291. 777 
101) Varjani, S.J., Rana, D.P., Jain, A.K., Bateja, S., Upasani, V.N., 778 
2015. Synergistic ex-situ biodegradation of crude oil by halotolerant bacterial 779 
consortium of indigenous strains isolated from on shore sites of Gujarat, India. Int. 780 
Biodeterior. Biodegrad. 103, 116–124.  781 
102) Varjani, S.J., Upasani, V.N., 2016. Biodegradation of petroleum 782 
hydrocarbons by oleophilic strain of Pseudomonas aeruginosa NCIM 5514. 783 
Bioresour. Technol. 222, 195-201.  784 
103) Varjani, S.J., Upasani, V.N., 2017a. A new look on factors affecting 785 
microbial degradation of petroleum hydrocarbon pollutants. Int. Biodeterior. 786 
Biodegr. 120, 71-83. 787 
 36 
104) Varjani, S.J., Upasani, V.N., 2017b. Critical review on biosurfactant 788 
analysis, purification and characterization using rhamnolipid as a model 789 
biosurfactant. Bioresour. Technol. 232, 389-397. 790 
105) Wang Y., Jiang L., Shang H., Li Q., Zhou W., 2020. Treatment of azo dye 791 
wastewater by the self-flocculating marine bacterium Aliiglaciecola lipolytica. 792 
Environ. Technol. Innovation. 19, 100810 (Doi: 10.1016/j.eti.2020.100810). 793 
106) Wang, Q., Liu, S., Gao, H., 2019. Treatment of hydroxyquinone-containing 794 
wastewater using precipitation method with barium salt. Water Sci. Eng. 12 (1), 55-795 
61. 796 
107) Wang, X., Yao, Z., Wang, J., Guo, W., Li, G., 2008. Degradation of reactive 797 
brilliant red in aqueous solution by ultrasonic cavitation. Ultrasonics Sonochem. 798 
15(1), 43-48.  799 
108) Wielewski, L.P., Zuccolotto, T., Soares, M., Prola, L.D.T., Liz, M.V., 2020. 800 
Degradation of the Textile Dye Reactive Black 5 by Basidiomycetes. J. Appl. Sci. 801 
15, 1-12. 802 
109) Xu, M., Guo, J., Sun, G., 2007. Biodegradation of textile azo dye by 803 
Shewanella decolorationis S12 under microaerophilic conditions. Appl. Microbiol. 804 
Biotechnol. 76(3), 719-726.  805 
110) Yamjala, K., Nainar, M. S., Ramisetti, N. R. (2016). Methods for the 806 
analysis of azo dyes employed in food industry – A review. Food Chem. 192, 813–807 
824.  808 
111) Yu, X., Yin, H., Peng, H., Lu, G., Dang, Z., 2019. Oxidation degradation of 809 
tris-(2-chloroisopropyl) phosphate by ultraviolet driven sulfate radical: Mechanisms 810 
 37 
and toxicology assessment of degradation intermediates using flow cytometry 811 
analyses. Sci. Total Environ. 687, 732-740.  812 
112) Yu, X., Yin, H., Peng, H., Lu, G., Dang, Z., 2019. Oxidation degradation of 813 
tris-(2-chloroisopropyl) phosphate by ultraviolet driven sulfate radical: Mechanisms 814 
and toxicology assessment of degradation intermediates using flow cytometry 815 
analyses. Sci. Total Environ. 687, 732-740.  816 
113) Zamora, M.H., Jeronimo, F.M., 2019. Exposure to the azo dye Direct blue 817 
15 produces toxic effects on microalgae, cladocerans, and zebrafish embryos. 818 


















Table Legends 836 
Table 1 Dyes and their impacts on environment and human health 837 























Table 1: Dyes and their impacts on environment and human health 
Sr. No. Name of the dye Effects Reference 
1 Disperse Red -1 and 
Disperse Orange -1 
Increases human lymphocytes frequency of 
micronuclei 
Ferraz, 2013 
2 Reactive Brilliant 
Red 
Affects activity of human proteins Wang, 2008 
3 Reactive Black 5  Lowers activity of urease as well as 
decreases rate of ammonification in earth 
environment 
Wielewski, 2020 
4 Direct Black 38 Causes cancer in humans such as urinary 
bladder. 
Dewan et al., 1988 
5 Direct Blue 15 Causes mutation Zamora et al., 2019 
6 Disperse Blue 291 Casues Mutation, affects genetic structure, 
cellular toxins, denaturation of DNA in 
human cells, chromosomal instability. 
Fernandes et al., 
2019 
7 Acid Violet 7 Causes degradation of lipid, chromosomal 
abnormality, breakdown of acetylcholine in 
mice 









































































































7 E. coli BL21 
(DE3) 
Halomonas 
sp. strain GT 
E. coli DH5α AzoG gene pET30a (+) Azo dye 
wastewater 
Tian et al., 
2018 
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